Introduction
The community species composition results from processes that rule the assemblages. In general, the processes are related to neutral models (Hubbell 2001) , niche-based models (Cornwell & Ackerly 2009) or both, in different scales (Xu et al. 2017) . In general, the first are related to stochastic variations in the community (eg. dispersal limitations), and the second, to the influence of the environmental filters on species. These environmental filters are related to abiotic factors that prevent the establishment or persistence of a species in a location (eg. temperature, precipitation, and soil conditions) (Kraft et al. 2015 , Oliveira-Filho et al. 2001 .
The environmental characteristics can vary along the extent of an area, creating some special conditions to the development and occurrence of a set of species. Factors such as soil composition, rainfall patterns, latitudinal and altitudinal ranges lead to floristic differentiations (Liebsch et al. 2008) . These variations create gradients (or ecotones), known as transitional areas with great biodiversity, especially because of the overlap of different physiognomies (Risser 1995) . In general, studies in these areas are mainly in the transition of forested and non-forested areas (Junyan et al. 2014) , and the forest-forest dynamics is poorly documented, especially because of the gaps in knowledge about the capacity of rearrangement of species distribution (Oliveira-Filho et al. 2014) .
The Brazilian Atlantic Forest is one of the biodiversity hotspots of the world, because of the great endemism of species in this area (Myers et al. 2000) . Originally, it covered more than 1,400.000 km² of Brazilian territory (Joly et al. 2014 ) and the geographical location ranges from the northeastern to southern Brazil (Morellato & Haddad 2000 , Joly et al. 2014 . The Atlantic Forest is defined by Oliveira-Filho and Fontes (2000) as sensu stricto (s.s.) and sensu lato (s.l.). The first is related to the forests along the Atlantic Ocean and the second, as a biome, to a set of physiognomies present at the extent of its distribution. In this study, we considered the concept of Atlantic Forest s.l., including the forest physiognomies (Oliveira-Filho & Fontes 2000) .
The floristic differences can be generated by local environmental factors, such as river valleys (important corridors of arboreal species dispersal) (Spichiger et al. 2004) , edaphic factors, local topography and disturbances , Gonçalves & Souza 2014 , Estevan et al. 2016 ). In the southern Brazil region, heterogeneous climatic conditions allow the occurrence of many different groups of species . In general, they are a mixture of tropical elements from Amazon region and temperate Austral-Antartic and Andean floras (Rambo 1951) .
As a consequence of this heterogeneity, many transitional areas are found in this region. For example, the Araucaria forest is surrounded by the Atlantic forest s.s. (i.e. Dense ombrophilous forest), Seasonal forest, grasslands and other vegetation types (Klein 1978; Overbeck et al. 2007; IBGE 2012) . However, little is known about the floristic patterns of the arboreal components of these forests , especially in transitional areas. In order to answer these questions, we had two objectives in this study. In the first, we aimed at describing the tree community structure and composition of a subtropical forest in southern Brazil. In the second, we aimed at comparing the floristic relationships between two forest typologies (Araucaria and Seasonal forests) in order to characterize the study area and to contribute to the knowledge on the distribution patterns of tree species.
Material and Methods

The southern Brazilian Atlantic Forest: the Araucaria and Seasonal forests
The forest typologies in Santa Catarina state were initially described in an extensive fieldwork by the botanists Raulino Reitz and Roberto Miguel Klein (Klein 1978 , 1960 , Reitz et al. 1978 , Klein 1963 . Their results were summarized in two publications -the "Flora Ilustrada Catarinense" (in many papers since 1965) and the "Projeto Madeira de Santa Catarina" (Reitz et al. 1978) , who became important for the knowledge about Santa Catarina's flora. Recently, another project was conducted in the state ("The Floristic and Forest Inventory of Santa Catarina State" (Vibrans et al. 2010) ) and resulted in many papers and books about the species occurrence, plant genetic information and economic aspects of the population surrounding the forest (Vibrans et al. 2013a (Vibrans et al. , b, 2010 .
The results obtained from the inventory for Araucaria forest (AF) and Seasonal forest (SF) were summarized by Gasper, Uhlmann, et al. (2013) and where they recorded 366 and 204 tree species, respectively. In the southern Atlantic forest s.l., the presence of the conifer Araucaria angustifolia (Bertol.) Kuntze characterizes the AF. This species occurs at the Santa Catarina's plateau in elevations between 500 m to 1,500 m above sea level (a.s.l.) (Backes 2009 ). The climatic conditions for its occurrence are low temperature (12 °C in average) and high humidity (1.830 mm in average) (Rambo 1953 , Backes 2009 (Klein 1978; Jarenkow and Budke 2009 ). Otherwise, the Seasonal forest, also known as "Upper Uruguay River Basin" forest, is characterized by deciduous species (who lose their leaves in the cold season). It occurs in elevations between 150 m to 800 m a.s.l (Klein 1978 , Gasper, Uhlmann, et al. 2013 ) and the temperature in the region is lower than 15 °C in average. Other species associated with this forest are Apuleia leiocarpa (Vogel) J.F.Macbr., Diatenopteryx sorbifolia Radlk., Peltophorum dubium (Spreng.) Taub. and Myrocarpus frondosus Allemão (Gasper, Uhlmann, et al. 2013 , Klein 1978 .
The west of the Santa Catarina state was traditionally characterized as a transitional area, composed by Araucaria and Seasonal forests. According to IBGE (2012) , this region is substantially covered by Seasonal forest; However, Klein (1960) described it as Araucaria forest, mainly. Furthermore, many authors agree that the dynamics of these forests follow a west-east pattern and the species that compose the SF advances over the AF (Backes 2009; Waechter 2009; Jarenkow and Budke 2009; Gasper et al. 2013b Gasper et al. , 2015 .
Study area
The sampling was conducted at Chapecó National Forest (glebe one), a Conservation Unit for sustainable use located in the west of Santa Catarina, southern Brazil (27º05'19.9''S and 52º46'47.3''W) (Figure 1 ) (see details in Lucas & Fortes 2008) . The climate is subtropical (Nimer 1989) ; the annual rainfall is well distributed during the year (the average rainfall is 2000 mm) and the average temperature ranges from 22 °C to 14 °C for the hotter and coldest month, respectively (http://www.inmet.gov.br). The regional landforms are characterized by the hilly topography of the Araucarias' Plateau, between 520 m Figure 1 . Location of the study area, at Chapecó National Forest, west Santa Catarina, southern Brazil (code number 8 -*). Information about Araucaria forest is presented as quadrats (numbers 9-12) and Seasonal forest as circles (numbers 1-7). Complete information about data sources data can be accessed in Table 1. and 617 m a.s.l. and the predominant soils are Inceptisols and Oxisols (ICMBio 2013).
Sampling units and data analysis
The survey was conducted in a secondary forest, with more than 60 years without disturbance (in 2017). There, 24 permanent plots were systematically selected with 500 m² each one (50 m x 10 m), corresponding to a total area of 1.2 ha. To describe the community structure we measured trees ≥ 30 cm of circumference at breast height (c.b.h.) (which means ≥ 9.54 cm of diameter at breast height, d.b.h.). The maximum height was estimated for all individuals. Whenever possible, the individuals had species determination in field. For those which determination was not possible, we collected material for determination in laboratory. Voucher specimens were deposited in the UNO Herbarium (UNO, at Universidade Comunitária da Região de Chapecó). The circumscription adopted for angiosperm families are in accordance with Angiosperm Phylogeny Group (The Angiosperm Phylogeny Group 2016).
The community structure was described using the phytosociological parameters (Mueller-Dombois & Ellenberg 1974) . We evaluated the sample adequacy using a rarefaction curve (Magurran 2004 ) with the software Estimates 8.2, considering α ≤ 0.05. Taxonomic diversity was estimated using the Shannon-Weiner Index (H') and Pielou's evenness Index (J) (R version 3.3.1, vegan package) (R Core Team 2016).
To evaluate the floristic similarity we compiled information from scientific papers. Our selection criterion followed the conditions: a) survey at Araucaria or Seasonal forests and b) range of study restricted to southern Brazil, with the maximum distance of 350 km from the Chapecó National Forest (our study area) and more than 50 km between the surveys (data sources) to remove a possible effect of proximity, also considering, as possible, studies with similar sampling method and data collection effort ( Fig. 1 ). We selected 12 papers, and most part of surveys employed plots for vegetation sampling; once a study used point-centered quarters (Benvenuti-Ferreira & Coelho 2009 ). The studies differ in regard to sampling effort and size criteria for individual inclusion (minimum c.b.h.). The information about each study is described in Table 1 . We integrated our results to the matrix of compiled data and used an abundance matrix. The final matrix was composed by 145 arboreal species (genus and families identifications were excluded). We performed cluster analyses using an unweighted average linkage method (UPGMA) based on a Jaccard similarity coefficient (Legendre & Legendre 2012 ) (R version 3.3.1, vegan package).
Results
We sampled 809 individuals belonging to 61 species and 28 families. Families with the largest number of species were: Fabaceae (11), Lauraceae (5), Rutaceae (5), Salicaceae (4) and Sapindaceae (4) ( Table 2 ). The mean density was 674 individuals/ha. Coussarea contracta (Walp.) Müll.Arg., Ocotea diospyrifolia (Meisn.) Mez, Cupania vernalis Cambess., Araucaria angustifolia, Casearia sylvestris Sw., Diatenopteryx sorbifolia Radlk. and Myrocarpus frondosus Allemão were the species with biggest relative density, representing 62.7% of the individuals sampled. These species even had the biggest relative dominance in basal area (more than 54%), relative frequency (37.9%), coverage value (58.2%) and importance value (51.5%) ( Table 2 ). According to the Shannon index, the taxonomic diversity was 3.06 and the evenness (J) was 0.74 (Table 1) . However, the rarefaction curve did not reach an asymptotic richness level (Figure 2 ).
The diameter structure followed the traditional inverted-J curve, with most of the individuals at the first diameter class (almost 50%) ( Floristic similarity revealed that our study area (code number 8 -*) was more similar to the species composition of Seasonal forest (cophenetic correlation coefficient: 0.9092) (Figure 3 ). The cluster indicated two groups, and the first division was between species composition from both two forest typologies. Seasonal forest group was divided according to the hydrography: forests from the upper Uruguay and Paraná and Jacuí river basins. On the other hand, the higher altitude was important for the Araucaria forest in the southern Brazilian mountains. Furthermore, surveys geographically closer were more similar in species composition; Fabaceae has a greater richness in Seasonal forests from Uruguay and Paraná river basins, Myrtaceae is highly represented in Araucaria forests from northeastern Rio Grande do Sul, and Lauraceae is well distributed in both forest typologies (Table 1, Fig.1 Nectandra megapotamica (Spreng.) were registered in most part of the studies and also in our sampling. Otherwise, A. angustifolia was sampled only in Araucaria forests, broadly associated to higher altitudes in Santa Catarina and Rio Grande do Sul states.
Discussion
Tree community structure and composition in a subtropical forest in southern Brazil
The tree taxonomic diversity and evenness indexes found in this study had intermediate values when compared to other surveys in southern Brazil (Table 1) . These indexes indicated the balance of few dominant species and many species with lower abundance. This result reflects the ecological stability and maturity of the community ( The species with higher importance values are common and important in other surveys in the Araucaria and Seasonal forests of Santa Catarina (Gasper, Uhlmann, et al. 2013 , Gasper et al. 2015 , Vibrans et al. 2011 , Schneider & Rocha 2014 , Vibrans et al. 2013a , 2012 . Ocotea diospyrifolia, Cupania vernalis, Casearia sylvestris, Diatenopteryx sorbifolia and Myrocarpus frondosus are common at Seasonal forest (Fontana & Sevegnani 2012) and A. angustifolia, Coussarea contracta e Cupania vernalis, are typical from components of early and intermediate successional stages in the Araucaria forest of Santa Catarina (Klauberg et al. 2010 , Vibrans et al. 2011 ). According to Gasper et al. (2015) , Cupania vernalis, Diatenopteryx sorbifolia and Myrocarpus frondosus characterize the transitional forests from the west of Santa Catarina.
We did not observe the asymptotic richness level in the rarefaction curve. It was found in other studies and was justified by the environmental heterogeneity or human influence in the landscape (Ruschel et al. 2007 , Benvenuti-Ferreira & Coelho 2009 . Also, it is important to remember that forest communities are dynamic entities, where species are associated with some spatial and temporal variations (Schilling & Batista 2008) . In our study, this result is probably related to this dynamic and either the small number (24) and big size of each sampling unit (500 m²), whereas the usually recommended for these studies are sampling units that maximize the sampling area (e.g. more sampling units with a smaller size).
The inverted-J curve of diameter classes found in this study is common for different forest typologies and it indicates the forest regeneration and permanence of the species in forest structure (Balbinot et al. 2016) . Most individuals sampled are small trees of the forest understory and it is also indicative of forest regeneration capacity (Cunha & Silva Jr. 2012) . On the other hand, individuals in the biggest size classes usually represent species with greater longevity (Chao et al. 2008) and their mortality contributes to de gap dynamics in forests (Yamamoto 2000) .
Fabaceae frequently exhibits great species richness at Seasonal forests in southern Brazil (Jurinitz & Jarenkow 2003 , Benvenuti-Ferreira & Coelho 2009 . It is related to the immigration corridor of the Uruguay and Paraná river basins, which connects the species of Fabaceae from the north to southern Brazil. However, further from the corridor towards the south, the number of species of this family decreases (Budke et al. 2005 , Benvenuti-Ferreira & Coelho 2009 , Jurinitz & Jarenkow 2003 . On the other hand, Lauraceae species are usually described as highly abundant in the Araucaria forest, acting as indicator species associated to this forest typology . Leyser et al. (2009) demonstrated high species richness of Fabaceae and Lauraceae in the transitional area between Araucaria and Seasonal forest, as found in this study, which may also indicate an association between these families in ecotonal areas. In general, Myrtaceae species are widely distributed in Atlantic forest s.l., but with lower abundance in the SF of Santa Catarina, leading to a rare occurrence specially driven by the climatic filters in the region (Fontana et al. 2014) . These associations reflect complex species interactions which may also contribute powerfully to forest structuring and patterns of species distributions, leading to more studies and efforts in ecotonal areas.
Floristic relationships between two forest typologies
Despite the presence of A. angustifolia, the transitional forest of this study has great floristic similarity to the Seasonal forest. According to the cluster analysis, the vegetation type was the main grouping factor, followed by geographical proximity, as observed by other authors (Oliveira-Filho et al. 2001 , Gonçalves & Souza 2014 , Estevan et al. 2016 . The species composition of our study area must be also related to the altitude of the region, which is close to Uruguay river valley (around 600 m a.s.l.). In general, altitude is considered an important variable for the species distribution in the Atlantic forest s.l. , especially for Araucaria forest species, which occurrence is conditioned by higher altitudes, leading to higher local densities (Backes 2009 , Viani et al. 2011 ). In our case, the lower altitude could be acting as an environmental filter , associated with the great amplitude and thermal seasonality and higher maximum temperature in the hottest month leading to the limitation of the species range of the Araucaria forest and with a pronounced presence of the Seasonal forest species (Gasper, Uhlmann, et al. 2013 , Gasper et al. 2015 .
Among the potential drivers associated to species occurrence and distribution, the biogeographic factor is another important driver related to actual species occurrence and communities diversity in southern Brazil (Rezende et al. 2016) . It may be thus related to the species composition of Seasonal forests, which is also promoted by dispersal from Paraná river basin and the Misiones forests ) and leads to higher species diversity and great floristic similarity to rainforests Rezende et al. 2016 ). In the other hand, the Araucaria forest has a low number of unique species and presents physiognomic, floristic and structural differences throughout its distribution (Jarenkow and Budke 2009; Higuchi et al. 2012 ), leading to a particular forest structure and composition, different from other forest types . This forest occurs mainly in regions with higher altitude and has a gradual overlap of the species towards southwestern Brazil, making contact with the Seasonal forest species on Uruguay and Paraná river basins (Jarenkow and Budke 2009 ).
Regard to the A. angustifolia dynamics along the time in this forest, there is a clear pattern of reduction of the population (Bordin 2018) , which reinforces the Seasonal forest species turnover on the Araucaria forest species. Paleoecological analysis in the Araucaria forest areas at Rio Grande do Sul state revealed that population of A. angustifolia was much larger than today, where we can find typical semi-deciduous species occurring in these areas (Behling et al. 2016) . It indicates that same pattern of turnover from Araucaria to Seasonal forest species composition is a trend found in other Atlantic Forest s.l. areas.
The subtropical forest presented here is well structured and highly diverse. Also, is an extremely important forest fragment for the local and regional biodiversity conservation, especially due to the presence of Seasonal forest species (Bergamin et al. 2017) .
Concerning to forest characterization, despite the presence of Araucaria angustifolia, the species composition is closely related to the Seasonal forests, reinforcing the strong west-east pattern of species composition. Briefly, Seasonal forest is the floristic classification that should be considered in further analysis. This turnover of species along the regions strengthens the conservation necessity for protecting this pool of species and remaining forested areas, especially in this conservation unit.
